Rheumatoid factor (RF) is a major source of interference in many immunoassays. Most immunoassays use mammalian polyclonal or monoclonal antibodies, and RF can react with lgG from mammalian species, thus causing false-positive results. In this work we have studied RF interference in a sandwich ELISA, where RF in the sample may react with both the capture antibody and the detection antibody to give a false-positive reaction. We show that rheumatoid factors do not react with chicken IgY; if the capture antibody or detection antibody (or both) is of avian origin, the interference of RF or other anti-lgG antibodies in sandwich ELISA can be avoided.
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Various types of enzyme-linked immunosorbent assays (ELISA8) are widely used, one of the most common being sandwich ELISA5, where one antibody is used to capture the antigen and another, labeled, antibody is used to detect the bound antigen (1) . 2 Both of these antibodies are usually of mammalian origin.
Rheumatoid factor (RF) is an autoantibody that reacts with the Fc portion of mammalian IgG (2). The disease usually associated with RF is rheumatoid arthritis (RA), but RF is also present in serum from patients with many other diseases (3, 4) . The classical tests for RF are agglutination tests, in which the RF reacts with two (or more if it is an IgM-RF) different mammalian IgG molecules, thus causing agglutination. The same reaction will give a false-positive reaction in a sandwich ELISA, owing to the binding of detection antibody to capture antibody in the absence of the antigen that the assay was designed to detect. More recently, ELISA8 have been developed to detect RF. Whereas, the agglutination assays mainly detect IgM-RF, an ELISA can detect different RF isotypes depending on the specificity of the detection antibody. Fab fragments of mammalian antibodies (5) or chicken antibodies (6) These sera were also analyzed by a CRP ELISA.
ELISA procedure. Flat-bottom MicroELISA plates (Dynatech M 129 A) were coated with 200 L of a 0.1 g/L solution of human IgG or rabbit IgG in NaHCO3, 0.1 moIJL, pH 9.5, or with chicken IgG, 0.1 g/L in PBS (phosphate-buffered saline: per liter, 20 mmol of NaH2PO4, 0.15 mmol of NaCl, and 0.2 g of NaN3, pH 7.2), for 2 h at 37 #{176}C or overnight at 4 #{176}C. We then added to the wells in duplicate 200 L of the samples at various dilutions in PBS. After incubating the plates for 2 h at 37#{176}C, we washed them three times with NaClTween (per liter: 9 g of NaCI, 0.5 mL of Tween 20, and 0.2 g of NaN3) in a Wellwash 4 washing machine (Denley Instruments Ltd., Billingshurst, U.K.). We added to each well 200 L of the ALP conjugate (diluted 1000-fold), incubated the plates at 37 #{176}C for 2 h, and washed them with NaCI-Tween as above. Finally, we pipetted into the wells 200 L of p-nitrophenyl phosphate, 1 gIL, in a solution of 1 mol of diethanolamine and 0.5 mmol of MgC12 per liter, pH 9.8, and incubated the plates for 30 nun at room temperature in darkness. The reaction was stopped with 50 L of 5 molIL NaOH reagent, and the absorbance of the plates was read in a Titertek Multiskan (Flow Laboratories Ltd., Irvine, (Figure 1) . The same results were obtained with human IgG-ALP (results not shown). if we used a rabbit anti-chicken IgG antibody as a control, the anti-chicken IgG antibodies gave a positive reaction when both the antibodies were chicken IgG, but no reaction was observed if one or both of the antibodies was of mammalian origin (results not shown).
Effects of RF-positive sera on the ELJSA. We added 10 ,uL of RF-positive or -negative serum and 190 j.L of PBS (i.e., 20-fold-diluted samples) to plates coated with chicken IgG, human IgG, or rabbit IgG. Conjugates of nonspecific chicken IgG-ALP, human IgG-ALP, or rabbit IgG-ALP were the detection antibodies. We found a significantly greater reaction with RF-positive sera [A = 0.158 ± 0.033 (mean ± SE), P <0.00002] in plates coated with rabbit IgG and with rabbit IgG-ALP as the detection antibody than when chicken IgG-ALP was used. Of the RF-positive sera, 70% gave a positive response with ELISA plates coated with rabbit IgG and with rabbit IgG-ALP as the detection antibody. No response was observed with the RF-negative serum (mean 0.002 A) or when chicken IgG-ALP was used as detection antibody (mean 0.000 A) (Figure 2 CRP ELISA. In this assay, we added the sera to the wells in serial fivefold dilutions. All sera and a control were run in duplicate. The CRP ELISA was performed as described above except that biotinylated anti-CRP (diluted 1000-fold) was used instead of the ALP conjugate.
Vectastain ABC-ALP (Vector Laboratories, Inc.), diluted 1000-fold, was used to detect bound biotinylated antibody. Incubation and washing were performed as described in Materials and Methods.
We compared the results with those obtained with the Hitachi 717 automated analyzer. Because the Hitachi analyzer expressed all values between 0 and 10 mg/L as <10 mg/L, we assigned, for the statistical analysis, the value 5 mg/L to CRP results <10 mg/L in both analyses. The results showed a good correlation (r = 0.97).
Discussion
Waaler (10) (12) , and because HF do not agglutinate latex particles coated with chicken IgG (7), we have studied the possibility of using chicken antibodies in ELISA to avoid the reactions with anti-IgG antibodies. Here we show that if either or both of the antibodies in the assay are avian, there will be no false-positive reactions with anti-IgG antibodies or HF. Because chickens have a different way of producing antibody diversity (13) , this will probably also reduce interference from the anti-idiotype antibodies that are ordinarily present in serum.
The treatment of IgG fractions or whole serum has been used for many years in therapy of various diseases. The antibody response in some of these cases is the cause of "serum sickness." The future will probably see an increasing number of patients with anti-IgG antibodies other than the traditional HF. As monoclonal antibodies are used more frequently in treating cancer or during organ transplantation, there will be an increasing number of patients with anti-monoclonal antibodies. The monoclonal antibodies used in vivo have all been of mammalian origin; this will probably continue in the future as part of the effort to make the antibodies as similar to human IgG as possible. In Sweden so far, there is only one antibody registered as a therapeutic agent, an anti-digoxin Fab fragment from sheep, but there will probably be more such treatments available in the future. Thus, anti-mammalian IgG antibodies will be found in patients with many different diseases, and it will be difficult to predict which ones will lead to interference from anti-IgG antibodies. For example, occasionally a healthy blood donor will have high titers of HF (3) .
Very little is known about the normal occurrence of anti-chicken antibodies in human serum. We have previously used chicken antibody-coated microtiter plates to study circulating immune complexes (14) . We used the same system to study reactivity with nonspecific chicken IgG, testing sera from '-'450 patients and cerebrospinal fluid from '-'.40patients; none of these samples showed any antibody reactivity to chicken IgG. The immunological difference between chicken and mammalian IgG means that any antibody present in the test sample that reacts with antibodies from one of these species will not recognize antibodies from the other species. We thus suggest that the best choice for avoiding false-positive results in sandwich ELISA is to use one mammalian antibody and one chicken antibody; the second best is to use both antibodies of avian origin.
Chicken antibodies are not very widely used. This is probably due to tradition, because chicken antibodies have advantages over mammalian antibodies in many assays. For instance, chicken antibodies have good stability. We tested antibody preparations after five years of storage at 4#{176}C or after six months at room temperature; we detected no loss in antibody titer by immunodiffusion. Chickens have fragile veins, which makes it difficult to obtain serum, but large amounts of antibodies can be found in egg yolk (one egg contains IgG equivalent to 10 mL of serum or more). The chicken antibodies in this paper were all purified from egg yolk.
Immunization of chickens is similar to immunization of rabbits, and chicken antibodies can then be easily purified from egg yolk (15, 16) . We obtained good antibody response in chickens immunized with 25 or 100 p.g of antigen under a procedure similar to the one we use for rabbits. The amount of antibody produced in egg yolk from a chicken exceeds the amount produced in a rabbit during a similar time. Thus, there is no problem in producing chicken antibodies for the laboratory, and many chicken antibodies are also commercially available. The evolutionary difference between mammals and chickens should mean that more numerous sites in a mammalian antigen will evoke an antibody response. Thus, a greater number of antibodies will bind to the molecule, and the signal in an immunoassay will be amplified (17) .
In conclusion, there are many reports of false-positive results caused by reaction with HF. This report shows that chicken antibodies are a simple way to avoid this problem in sandwich EUSA.
